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Thermal  injury  historically  constitutes  approximately  5%  to  20%  of  conventional  warfare 
casualties.  This  artide  reviews  medical  plannuig  for  burn  care  durmg  war  m  Iraq  and  expe¬ 
rience  witli  burns  dui-ing  the  war  at  tlie  US  Army  Burn  Center;  aboard  die  USNS  Comfort 
hospital  sliip;  and  at  Combat  Support  Hospitals  in  Iraq  and  in  Afghanistan.  Two  burn  sur¬ 
geons  were  deployed  to  die  military  hospital  m  Landstiihl,  Germany,  and  to  the  Gulf  Re¬ 
gion  to  assist  widi  triage  and  patient  care.  During  Mardi  2003  to  May  2004,  109  burn  ca¬ 
sualties  from  the  war  have  been  hospitalized  at  the  US  Army  Bm-n  Center  in  San  Antonio, 
Texas,  and  US  Army  Bimi  Fliglit  Teams  have  moved  51  critically  ill  burn  casualties  to  the 
Burn  Center.  Ten  Iraqi  burn  patients  miderwent  surgery  and  were  hospitalized  for  up  to  1 
montii  aboard  the  Comfort,  including  six  with  massive  wounds.  Eighty-six  bum  casualties 
were  hospitalized  at  die  28th  Combat  Support  Hospital  for  up  to  53  days.  Tliis  experience 
highliglits  the  importance  of  anticipating  tile  bum  care  needs  of  both  combatants  and  die 
local  civilian  population  during  war.  (J  Burn  Care  Rehabil  2005;26:151-161) 


The  US  Army  Institute  ofSurgical  Research  (ISR,  the 
US  Army  Burn  Center)  has  cared  for  ail  of  tire  seri¬ 
ously  burned  US  military  casualties  from  Operations 
Iraqi  Freedom  (OIF),  Enduring  Freedom  (OEF), 
and  the  Global  War  on  Terrorism.  Most  of  these  ca¬ 
sualties  originated  fr-om  OIF.  In  addition,  deployed 
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US  medical  units,  including  tire  US  Army  Combat 
Support  Hospitals  (CSHs)  and  tire  US  Navy  hospital 
ship  USNS  Comfort,  have  provided  both  initial  re¬ 
suscitation  of  Coalition  bmir  casualties  and  defrnitive 
care  of  a  number  of  Iraqi  and  Afghani  civiliarrs  aird 
enemy  prisoners  of  war  ’with  b’urns.  This  article  pro¬ 
vides  an  overview  of  tire  US  nulitaiy’s  preparations  for 
war,  experience  durmg  the  war,  aird  definitive  care  for 
botir  burned  service  members  aird  local  dviliairs.  The 
Institutional  Re’view  Board  approved  tiris  ’work. 

PLANNING  FOR  WAR 

In  preparation  for  possible  war  in  Iraq,  a  plamriirg 
team  assembled  at  tire  ISR,  exairdired  several  casualty 
scenarios,  aird  developed  strategies  for  these  scenar¬ 
ios.  The  US  Arm3f  Surgeon  General  directed  tire  ISR 
to  receive  all  US  inilitaiy  burn  casualties  up  to  its 
maximum  capacitjq  to  receive  anjf  sigirificairt  mustard 
agent  casualties,  and  to  continue  to  provide  care  to 
dviliairs  -witir  burns  in  the  local  region  (Soutir  Texas) 
as  hr  peacetime.  The  planning  team  assumed  tirat  ap¬ 
proximately  10%  of  wartime  casualties  during  OIF 
would  involve  tirermal  injm-jf.  Historically,  burns 
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have  constituted  5%  to  20%  of  conventional  v^arfare 
casualties.  Burns  are  more  common  during  'W''ars  at 
sea^  and  during  wars  invohdng  armored  fighting  vt- 
hiclcs.  They  accounted  for  10.5%  of  injuries  sustained 
during  tlie  Yom  Kippur  War  of  1973,^  8.6%  during 
the  Lehanon  War  of  1982/  and  7.9%  during  die  first 
Gulf  War.^  Also,  previous  experience  has  suggested 
diat  approximately  80%  of  burns  imrolve  less  than 
20%  TBSA,  and  are,  per  se,  nor  life-direatening.^ 

The  planning  team  built  on  experience  dm-ing  die 
first  Gulf  War  of  1990  to  1991  (Operation  Desert 
Storm). ^  For  Desert  Storm,  widi  approximately 
500,000  deployed  troops,  as  many  as  30,000  to 
40,000  casualties,  including  15,000  deadis,  v^ere 
projected  in  a  worst-case  scenario.®  Tliis  v^ould  have 
yielded  15,000  to  25,000  treatable  patients,  of  whom 
approximately  10%,  or  1500  to  2500,  would  have 
burns.  Twenty  percent  of  tins  number,  or  300  to  500 
patients,  would  have  burn  sizes  in  excess  of  20%  and 
would  require  treatment  in  a  burn  center.  For  OIF, 
widi  half  die  number  of  deployed  troops,  a  similar 
casualty  rate  would  ^field  up  to  250  casualties  with 
major  btuns.  Thus,  it  was  necessar)^  to  enact,  widi 
modifications,  die  “du'ce-dimensional”  strateg5r  de¬ 
veloped  for  die  first  GulfW ar,  involving  die  ISR  Burn 
Center,  the  American  Burn  Association,  and  de¬ 
ployed  medical  units.® 

Becognizing  diat  no  single  burn  center  could  care 
for  250  intensive  care  unit  (ICU)  patients,  a  national 
response  for  bmii  care  in  the  event  of  a  mass  casualty 
situation  was  developed,  in  collaboration  witii  the 
American  Burn  Association  and  70  participating  burn 
centers  across  die  comitiy.  Tliis  efifort  is  detailed  else¬ 
where  in  tiiis  issue  of  die  Journal  (ie,  Barillo  et  al®).  The 
possibility  of  activating  die  Bmii  Specialtj'-  Teams 


(BSTs)  and  Disaster  Medical  Assistance  Teams 
(DMATs)  to  support  die  Aniiy  Bum  Center  also  was 
discussed  vddi  die  National  Disaster  Medical  System. 
These  teams  were  made  available  but  fortunately  were 
not  required. 

It  was  assumed  that  sulfur  mustard  agent  would  be 
used  against  Coalition  forces  during  OIF.  Recogniz¬ 
ing  certain  similarities  between  mustard  injuries, 
burns,  and  toxic  epidermal  necrotysis  sjaidrome,  a 
protocol  for  die  care  of  mustard  casualties  was  devel¬ 
oped  in  conjunction  widi  a  sister  laboratory  of  die 
ISR,  die  US  Army  Medical  Research  Institute  of 
Chemical  Defense,  at  Aberdeen  Proving  Ground, 
Maryland.^  Topical  antimicrobial  treatment,  depend¬ 
ing  on  deptii  of  injurjf  and  degree  of  contamination, 
would  follow  estabfished  burn  center  practices.  Man¬ 
agement  of  bone  marrow  suppression,  if  present, 
would  include  die  early  use  of  granulocyte  colony- 
stimulating  factor  (Table  1). 

A  plan  for  aeromedical  evacuation  of  bmn  casual¬ 
ties  was  instituted.  The  ISR’s  Burn  Flight  Teams  have 
been  in  operation  since  1951  and  pioneered  the  aero- 
medical  transport  of  seriously  ill  burn  patients.®"^^ 
These  teams  embody  die  concept  diat  full-time  burn 
critical  care  personnel,  with  additional  training  and 
experience  in  aeromedical  evacuation,  are  best  suited 
to  provide  the  liighest  quality  of  care  possible  during 
die  u-ansport  of  a  critically  ill  burn  patient.  Each  Burn 
Flight  Team  consists  of  a  general  surgeon,  critical  care 
registered  nurse,  licensed  vocational  nurse,  and  respi- 
ratoryf  tiierapist  fi'om  die  burn  ICU.  Recently,  a  se¬ 
nior  Noncommissioned  Oflficer  has  been  added  to 
serve  as  die  operations  and  logistics  officer  for  trans¬ 
oceanic  flights  as  well.  To  maintain  die  ability  to  de- 
plo^f  two  full  teams  worldwide  widiin  2  hours  of  ini- 


Table  1.  Elements  of  tlie  joint  United  States  Army  Institute  of  Surgical  Research-US  Army  Medical  Reseamh  Institute  of 
Chemical  Defense  protocol  for  the  cai'e  of  mustard  agent  casualties 

Lungs 

Primary  cause  of  dcatli:  early  airway  obsmiction;  later  pulmonary  infection 
Treatment  similar  to  smoke  inhalation  injmi’'  in  most  respects 
Fluid  Resuscitation 

Similar  to  TENS:  fluid  resuscitation  may  be  needed,  but  less  dian  foUowing  burn  injury 
Later:  calculate  water  losses  as  for  an  open  burn  wound 
Skin 

Partial-diickness  injuiy:  blisters  once  unroofed  may  be  treated  widi  silver  sulfadiazine,  silver-impregnated  dressings,  or  sjmdietic 
bilaminar  skin  substitutes 

Deep  or  full-dtickness  skin  necrosis:  may  be  treated  vidi  alternating  mafenide  acetate  and  silver  sulfadiazine  creams 
MaiTow 

A  50%  decrease  in  lymphocyte  count  flom  initial  presentation  to  24—36  In  later  indicates  bone  marrow  suppression 
Consider  immediate  use  of  granulocyte  colony  stimulating  lactor 
Eyes 

Corneal  injury  can  occur;  treat  widi  antibiotics  and  possibly  topical  steroids 
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tial  notification  around  the  clock  and  tliroughout  the 
year,  it  is  necessary  to  assign  a  total  of  20  personnel  to 
Flight  Team  status. 

In  1998,  tlie  appUcabiHty  of  tire  Burn  Flight  Team 
concept  to  a  varietj?  of  otlter  specialized  medical  mis¬ 
sions  was  recognized  by  the  US  Armjr  by  the  estab¬ 
lishment  of  Special  Medical  Augmentation  Response 
Teams  (SMART  teams),  not  onljr  for  burns,  but  also 
for  emergency  medicine,  nuclear/biological/chemi¬ 
cal  response,  stress  management,  pastoral  care,  pre¬ 
ventive  medieme,  healtli  systems  assessment,  veteri¬ 
nary  medicine,  telemedicme,  and  infectious  diseases. 
These  SMART  teams  ai'e  directed  at  botli  domestic 
aitd  overseas  mass  casualty  disasters,  and  tlie  team  role 
is  to  be  advisory  and  augmentative  in  nature.^®  The 
concept  of  SMART  Burn  Teams  providing  limited 
assistance  and  expertise — ^ratlaer  tlian  aeromedical 
evacuation— was  tested  after  fire  disasters  in  Guyaita 
on  December  18,  2000,  and  in  Peru  on  December 
29,  2001.  Even  so,  most  Burn  Flight  Team  missions 
continued  to  focus  on  assessment,  stabilization,  and 
aeromedical  evacuation  of  bmii  patients  to  the  ISR 
Botla  paradigms — trainhig/augmentation  and  direct 
patient  care/evacuation — ^v^ere  used  during  OIF. 

In  tire  1990s,  the  US  Air  Force  (USAF)  adopted 
tlie  Bm-n  Flight  Team  model  by  establishing  the  Crit¬ 
ical  Care  Air  Transport  Team  (CCATT)  program  for 
tlie  evacuation  of  patients  without  burn  injuries. In 
turn,  tlie  ISR’s  Burn  Flight  Teams  became,  during 
tlie  j'-ear  leading  up  to  OIF,  the  only  Army  teams 
whose  members  were  trained  and  certified  tlirough 
tlie  USAF  CCATT  program.  With  the  establishment 
of  CCATT  as  tlie  standard  throughout  the  USAF  for 
critical  care  evacuation,  CCATT  trahiiiig  for  aU  Burn 
Flight  Team  members  added  greatly  to  tlieir  ability  to 
mteract  on  an  equal  professional  standing  witli  USAF 
persomiel. 

The  use  of  Burn  Flight  Teams  has  evolved  witli 
each  new  conflict  or  mass  casualty  disaster  to  wliich 
die  US  Anny  has  responded.  During  tlie  Vietnam 
War  (1967-1972),  die  Teams  transported  824  bum 
patients  from  tliat  conflict  to  die  ISR.^^  These  pa¬ 
tients  were  tr-ansported  from  a  general  hospital  espe¬ 
cially  designated  as  a  burn  casualty  staging  facility  in 
Japan.  Missions  to  recover  diese  patients  were  made 
once  every  week  or  two.  In  1989,  the  miit  responded 
to  a  pipeline  explosion  in  Ufii,  Russia,  widi  a  team  tiiat 
was  augmented  by  operating  room,  laboratory,  and 
rehabilitation  personnel.^®  Druiiig  Operation  Desert 
Storm,  diree  ISR  Bmii  Flight  Teams  were  preposi- 
tioiied  in  Saudi  Arabia,  and  one  burn  surgeon  Liaison 
Officer  (LNO)  was  stationed  at  the  US  military  hos¬ 
pital  in  Laiidstuhl,  Germany,  dmougli  which  casual¬ 
ties  flowed  back  to  die  United  States.  Experience  dur¬ 


ing  diat  conflict  suggested  tiiat  tlie  deployed  Burn 
Flight  Teams  were  undemsed.^  Because  of  tliis,  and 
in  idew  of  current  staffing  levels  at  tlie  ISR,  full  Burn 
Flight  T earns  were  not  prepositioned  hi  die  dieater  of 
operations  for  OIF.  Radier,  one  LNO  was  placed  in 
Kuwait  and  one  was  placed  in  Laridstuhl.  Bodi  LNOs 
were  experienced  ISR  burn  surgeons.  ISR  Burn 
Flight  Teams  were  tiieri  sent  to  Laridstuld,  as  needed, 
to  bring  back  critically  ill  patients  to  die  Bum  Center. 
Criteria  for  determining  die  urgency  of  a  given  pa¬ 
tient’s  evacuation  and  for  identifying  die  level  of  re¬ 
sources  requfred — ^Bum  Flight  Team,  CCATT,  or  rou¬ 
tine  aeromedical  staff— were  established  (Table  2). 

WARTIME  CARE:  ISR  FIELD 
OPERATIONS 

The  Army  Burn  Flight  Team  performed  18  flights  to 
Germany  and  2  to  Wasliington,  DC,  between  March 
2003  and  May  2004,  transporting  a  total  of  51  war- 
mjured  bmii  patients.  No  flight-related  complica¬ 
tions  occurred.  The  typical  mission  was  activated 
upon  receipt  of  a  seriously  burned  casualty  at  die 
hospital  in  Landstuhl  by  means  of  a  telephone  call  to 
die  ISR.  On  occasion,  die  team  was  activated  based 
on  uiformation  telephoned  to  die  ISR  by  CSHs  in 
Iraq.  However,  die  Burn  Flight  Team  did  not  have 
clearance  to  fly  into  die  dieater  of  operations;  burn 
patients  were  flown  out  of  Iraq  to  Landstuhl  by 
CCAT  teams,  witii  additional  Army  manpower  from 
die  sendhig  CSH  if  necessary.  Bum  Flight  Team 
lauiicli  autiiority  was  delegated  to  die  Commander, 
ISR.  In  general,  die  criteria  for  Burn  Flight  Team  use 
(Table  2)  were  followed,  except  tiiat  die  presence  of 
multiple  severe  nondiermal  injuries,  in  addition  to 
bmns,  also  was  used  as  a  criterion.  In  every  case,  air¬ 
craft  availability  dictated  tiiat  die  Flight  Team  travel 
to  Germany  by  commercial  afreraft  and  return  to  die 
Burn  Center  bj?^  USAF  military  aircraft.  Procedures 
performed  at  Landstuhl  by  Burn  Plight  Team  sur¬ 
geons,  hicluded  escharotoniics,  fesciotomies,  and  am¬ 
putations.  New  technologj''  introduced  by  die  Bum 
Flight  Team  during  die  war  hicluded  a  new  device  for 
mounting  ventilators,  monitors,  and  pumps  to  die 
NATO  litter,  die  Special  Medical  Emergency  Evacu¬ 
ation  Device  (ie,  SMEED™)  platform. 

The  ISR  LNO  at  Landstulil  (B.J.K.)  was  deployed 
on  Febmary  24,  2003  and  returned  on  May  15, 
2003.  This  surgeon  was  attached  to  die  European 
Regional  Medical  Command;  this  allowed,  hnpor- 
tandy,  for  flexibility  of  action.  In  preparation  for  OIF, 
his  roles  included  assessment  of  die  burn-specific  sup¬ 
ply  needs  of  die  hospital  at  Landstuhl,  provision  of 
AELS  and  CBLS  training  to  approximately  160  pro- 
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Table  2.  Bum  patient  aeromedical  regulation  _ 

Burn  severity  defiititioas 

Limited:  <10%  total  body  surfece  area  (TBSA) 

Moderate:  10-30%  TBSA 
Severe:  >30%  TBSA 
Scenario  1 

Limited  partial  tlticloiess  bums  not  involving  hands,  joint,  fece,  perineum 
Full  healing  expected  in  2  weelcs 

Remain  at  Landstuhl  for  ufound  care  vith  expected  return  to  duty 
Scenario  2 

Limited  partial  thiclcness  involving  haitds,  joint,  fece,  perineum,  or  any  fiill -thickness  bums 
Full  healing  not  expected  in  2  weelcs  or  special  rehabilitation  issues 
Transfer  to  Institute  of  Surgical  Research  (ISR)  routiiie  air  evacuation 
Scenario  3 

Moderate  partial  tlticlcness  or  full  tlticlcness  bums,  patient  stable 
Full  healing  not  expected  in  2  weeks  or  special  rehabilitation  issues 
Patient  requires  mtubation  for  transport 
Transfer  to  ISR  using  CCATT 
Scenario  4 

Severe  partial-thickness  or  full- thickness  burns  or  inhalation  injury  requiring  intubation,  patient  stable 
Full  healing  not  expected  m  2  v^eeks  or  special  rehabilitation  issues 
Patient  requires  intubation  for  transport 
Transfer  to  ISR  usmg  Burn  SMART  team 
Scenario  5 

Severe  burns  or  inhalation  injury,  patient  unstable  for  air  evacuation  to  CONUS 
Transfer  to  European  Burn  Center 
Scenario  6 

Vesicant  casualties:  air  evacuation  to  ISR 

USAJSR,  tlnited  States  Ai'iny  Institute  of  Surgical  Researdi,  CCATT,  CtidcalCareAir  Transport  Team;  SMART,  Special  Medical  Augmentation  Bjssponse  Teams. 


viders  at  Landstuhl  and  at  US  Navy  Fleet  Hospital  8 
in  Rota,  Spain,  and  coordination  with  regional  Euro¬ 
pean  burn  centers.  He  performed  site  visits  to  Ger¬ 
man  burn  centers  at  Koblenz  and  Ludwigshaven. 
These  centers,  in  addition  to  the  Military  Hospital 
Queen  Astrid  in  Brussels,  Belgium,  were  to  be  used 
for  patients  who  were  too  imstable  to  move  to  die 
United  States  or  in  die  event  diat  US  burn  centers 
became  filled  to  capacity.  During  OIF,  die  LNO 
cared  for  36  burn  patients  and  coordinated  die  trans¬ 
fer  of  20  of  these  patients  to  die  ISR  burn  center.  He 
also  served  as  LNO  for  nonthermally  injured  Special 
Operations  casualties,  caring  for  83  such  patients'. 
Bum  care  in  the  Landstulil  ICU  was  fecilitated  by  a 
reservist  nurse  who,  as  a  civihan,  had  worked  at  die 
ISR. 

Along  with  an  ISR  burn  nurse,  tlie  ISR  LNO  in  the 
Gulf  region  (L.C  .C. )  deployed  in  late  Febraary  2003, 
at  die  request  of  die  Coalition  Forces  Land  Compo¬ 
nent  Command  surgeon.  Brigadier  General  George 
Weiglitman,  to  provide  ABLS  and  CBLS  training 
tiirougliout  Kuwait.  Subsequendy,  diis  LNO’s  main 
responsibility  was  to  serve  as  principal  investigator  for 
a  hemostatic  dressing  Investigational  New  Dmg  pro¬ 


tocol  on  the  battlefield.  It  was  not  tactically  feasible 
for  this  LNO  to  travel  throughout  the  region  to  pro¬ 
vide  care  on  the  ground  for  bum  casualties .  However, 
an  influx  of  bmii  casualties  to  die  USNS  Comfort  (see 
below)  led  to  his  providing  care  aboard  that  vessel. 
This  LNO  returned  to  die  United  States  on  June  1, 
2003. 

WARTIME  CARE:  ISR  BURN  CENTER 
OPERATIONS 

The  Army  Bmn  Center  admitted,  between  Mardi 
2003  and  May  2004,  a  total  of  109  patients  widi 
war-related  bmns.  AH  of  tiiese  were  active  duty  ser¬ 
vice  members  except  for  four  foreign  national  soldiers 
and  one  civilian  employee  of  the  US  Department  of 
Defense.  The  brancli  of  service  is  given  in  Table  3, 
Two  patients  were  injured  in  Djibouti,  four  in  Af¬ 
ghanistan,  and  die  rest  in  Iraq  or  Kuwait.  A  total  of 
18.3%,  or  20  patients,  had  burns  of  greater  titan  20% 
TBSA.  A  totd  of  5.5%,  or  six  patients,  had  smoke 
inhalation  injury;  fom"  of  these  six  patients  had  burn 
size  in  excess  of  20%.  The  median  total  burn  size  was 
8%  (mterquartile  range,  12.2;  range,  0.2-93.3),  and 
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Table  3.  Branch  of  service 


Status 

Frequency 

Percent 

U.S.  Army 

84 

77.1 

U.S.  Marine  Corps 

14 

12.8 

U.S.  Navy 

3 

2.8 

U.S.  Air  Force 

2 

2.8 

U.S.  DOD  Civilian 

1 

0.9 

Foreign  National* 

4 

3.7 

*  Members  of  a  coalition  militarjf  service. 


tlie  median  fuU-tliickness  burn  size  was  0  (interquar¬ 
tile  range,  1.0;  range,  0.0-89.4;  Figures  1  and  2). 
The  mean  age  was  26.5  years  ±  7.2  SD  (range,  18.9- 
53.0);  aU  but  two  patients  were  men.  Concomitant 
eye  injuries  occurred  in  8.3%,  or  9  patients,  and  frac¬ 
tures  or  traumatic  amputations  occurred  in  13.8%,  or 
15  patients  i  The  median  number  of  operations  per¬ 
formed  in  these  patients  to  date  is  1.0  (interquartile 
range,  2.0;  range,  0-15),  including  tliose  required 
for  acute  wound  closure  as  well  as  reconstruction.  A 
total  of  44%,  or  48  patients,  were  managed  nonop- 
eratively;  29.4%  underwent  one  operation;  11%  un¬ 
derwent  two  operations,  and  15.6%  underwent  tliree 
or  more  operations. 

The  etiology  of  injury  is  given  in  Table  4.  Rouglrly 
56%,  or  61  cases,  constituted  preventable  injuries, 
tliat  is,  were  judged  to  be  the  resifrt  of  accidents  ratlier 
than  hostile  fire  in  tltc  opinion  of  tliese  autliors .  Thus, 
for  example,  tire  burning  of  human  waste  or  other 
refuse  with  accelerants  was  the  most  common  cause 
of  injury  among  these  service  members,  occurring  in 
22%  or  24  patients.  Concerns  about  this  finding  were 
transmitted  to  in- tlaeatcr  preventive  medieme  person¬ 
nel  in  late  2003,  after  whicli  a  decrease  in  tlic  number 
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Total  burn  size 

Figure  1.  Total  burn  size  distribution. 
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Full  thickness  burn  size 

Figure  2.  FuU-tliidoiess  bum  size  distribution. 


Table  4.  Cause  of  injury 


Event 

Frequency  Percent 

Burning  trash  or  human  waste 

24 

22.0 

Handling  ordnance  or  gunpowder 

17 

15.6 

Other  missile  ot  bomb 

14 

12.8 

Rocket  propelled  grenade 

11 

10.1 

Other  fuel/ gasoline  handling  incident 

8 

7.3 

Electrical 

6 

5.5 

Otlier 

6 

5.5 

Friendly  fii  e  accident,  including  misfires 

4 

3.7 

Building  or  chemical  plant  fire  or  explosion 

4 

3.7 

lED 

4 

3.7 

Scald 

3 

2.8 

Motor  veliicle  accident 

3 

2.8 

Aviation  accident 

2 

l.S 

Vehicle  hit  land  mine 

2 

1.8 

Chemical 

1 

0.9 

ZEZ5,  improvised  explosive  device. 


of  such  accidents  was  observed.  Accidents  intfolving 
the  handlmg  of  ordnance,  gunpowder,  or  fuel  consti¬ 
tuted  otlier  leading  causes. 

Admissions  of  wartime  casualties  to  the  Burn  Cen¬ 
ter,  to  date,  have  pealced  twice;  once  in  April  2003 
after  tire  onset  of  hostilities,  and  once  in  April  2004 
during  a  period  of  insurgency  (Figure  3).  As  a  conse¬ 
quence  of  tlie  war,  admissions  to  tlie  Burn  Center 
(including  civilians  and  military)  increased  firom  18.6 
±  4.4  SD  for  May  2002  to  February  2003  to  29.1  ± 
4.8  SD  for  March  2003  to  April  2004  (Figure  4). 
During  tlie  height  of  OIF  (May  2003),  a  maximum  of 
nine  beds  were  occupied  in  tlie  two  burn  ICUs  at  tlie 
ISR  ill  addition  to  burn  ward.  Mean  daily  census, 
including  ICU  and  ward  patients,  pcalced  in  Septem- 
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Figure  4.  Impact  of  the  war  on  monthly  admissions.  Admissions  to  the  Army  Burn  Center  increased  from  a  meati  of  18.6 
patients  per  month  before  die  war  to  29.1  per  month  after  die  war  began. 


ber  2003  (Figure  5).  Nursing  stafiBng  at  die  beghi- 
ning  of  OIF  in  Marcli  2003  included,  for  die  burn 
ICU,  22  registered  nurses  and  20  licensed  vocational 
nurses,  and  for  die  burn  ward,  6  registered  nurses  and 
16  licensed  vocational  nurses.  These  nmnbers  include 
military  and  civilian  employees  and  contractors.  In 
addition,  the  increased  worldoad  mandated  die  acti¬ 
vation  of  reservists  witii  die  5501st  Army  Hospital, 
including  fom-  critical  care  registered  nurses,  one 
ward  nurse,  and  one  licensed  vocational  nurse.  One 
experienced  burn  surgeon,  an  ISR  alumnus  in  die  US 
Army  Reserves  (DJ.B.),  was  activated  to  baclcfill  the 
Gulf  region  LNO  durmg  die  latter’s  deployment. 

ISR  adliered  to  its  previously  described  infection 
control  practices  m  die  care  of  die  OIF  casualties.^° 
Surveillance  cultures  of  wounds,  sputum,  urine,  and 
stool  were  obtained  on  admission  and  du-ee  times  a 
week  throughout  the  hospital  sta^r  to  detect  and  track 
die  presence  of  multiple-drug-resistant  organisms.  In 


the  burn  ICU,  special  precautions  (isolation)  were 
used  for  aU  patients.  On  April  9, 2003,  one  OIF  bruii 
patient  was  admitted  who  was  dien  noted  to  be  col¬ 
onized  witii  multiple-drug-resistant  Acinetobacter 
bnumannii.  Data  were  soon  obtained  from  Land- 
stulil,  die  USNS  Comfort,  and  otiier  medical  centers 
indicating  that  resistant  A.  baumunnii  was  com¬ 
monly  found  in  OIF  casualties.  As  a  consequence  of 
diese  findings,  and  durmg  an  influx  of  a  large  number 
of  OIF  casualties,  die  ISR’s  second  burn  ICU  was 
opened  on  April  24,  2003,  as  an  isolation  miit  for 
infection  control  purposes.  Subsequent  OIF  casual¬ 
ties  were  admitted  direcdy  to,  and  stayed  widiin,  die 
second  burn  ICU  mitil  it  was  no  longer  needed  and 
was  closed  on  May  13,  2003.  Thereafter,  OIF  casu¬ 
alties  were  kept  in  special  precautions  isolation  until 
diree  successive  sets  of  surveillance  cultures  returned 
negative  for  multiple-drug-resistant  organisms.  A  to¬ 
tal  of  24  burned  service  members  (22.6%)  were  ad- 
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Figure  5.  Mean  daily  census.  The  mean  daily  census  peaked  in  September  2003  at  tlie  Army  Bmn  Center,  sevei'al  moiitlis  after 
the  peak  influx  of  war-related  patients. 


mitted  with  A.  ha.umannii  colonization  or  infection. 
On  tlie  basis  of  antibiotic  sensitivity  pattern  analysis, 
tliis  enhanced  isolation  protocol  succeeded  m  pre¬ 
venting  the  horizontal  transmission  of  A.  bdunmnnii 
to  all  but  two  other  burn,  patients;  these  events  oc¬ 
curred  m  October  2003,  after  tlie  second  ICU  closed. 
However,  at  a  census  of  eiglit  to  nine  patients  distrib¬ 
uted  between  two  separate  ICUs,  nursing  staffing 
levels  were  somewhat  strained. 

Psychological  problems  are  a  frequent  component 
of  the  response  to  burn  injury.  Recognizing  this,  the 
Psycliiatr-ic  Clinical  Nurse  Specialist  for  the  Army 
Burn  Center,  a  licensed  independent  practitioner 
witlr  limited  prescriptive  autlioritjf,  screened  every 
burn  casualty  from  tlie  conflict  upon  admission  and 
provided  treatment  and  follow-up  as  needed.  A  pre¬ 
liminary  analysis  of  the  first  38  burn  casualties  from 
OIF,  admitted  between  March  5, 2003,  and  June  21, 
2003,  identified  44.7%,  or  17  patients,  witli  core 
symptoms  of  anxiety,  26.3%,  or  10  patients,  witli  core 
symptoms  of  depression,  5  patients  with  body  image 
disturbance,  4  witli  deHrium,  and  3  'witli  significant 
anger.  A  total  of  31.6%,  or  12  patients,  received  med¬ 
ications  for  treatment  of  anxiet^^  or  affective  S3anp- 
tonis.  By  multivariate  logistic  regression  anal^'sis,  tlie 
presence  of  symptoms  of  anxiety  was  predicted  by 
hospitalization  hi  the  ICU  and  by  the  presence  of 
hand  burns.  The  presence  of  affective  symptoms  was 
predicted  by  amputation  and  by  e^^e  hijury.  No  rela¬ 
tionship  was  found  between  either  anxiety  or  affective 
symptoms  and  tlie  bmii  size,  die  relationship  of  tlie 
hijury  to  hostile  action,  or  its  preventability.  After 
discharge,  patients  witli  psychological  symptoms 
were  referred  to  mental  health  services  at  their  home 
base.  In  addition,  discharged  burn  patients  were 
followed  for  up  to  1  year  and  were  screened  for 


ps^rchological  problems  during  tlieir  clinic  visits. 
Over  tlie  course  of  time,  post-traumatic  stress  dis¬ 
order  has  been  diagnosed  in  a  number  of  tliese 
patients.  The  true  incidence  of  post-traumatic 
stress  disorder  after  combat  burn  injury  and  how 
best  to  prevent  or  treat  it  remain  important,  unre¬ 
solved  questions. 

Burned  service  members  received  a  variety  of  ser¬ 
vices  at  the  Burn  Center.  A  privately  funded  program, 
the  Fisher  House  Foundation,  provided  families  with 
fi-ee  lodging  near  the  hospital.  Soldiers  were  sup¬ 
ported  by  events  such  as  award  ceremonies  and  visits 
by  military  leaders  and  dignitaries.  In  the  ophiion 
of  the  authors,  having  tlie  binned  serwice  members 
at  one  location  facilitated  this  type  of  support  and 
also  likely  had  intangible  benefits  from  a  morale 
standpoint. 

As  of  May  2004,  most  patients  (67.9%,  or  74  active 
duty  patients)  had  returned  to  duty,  most  ivitii  hm- 
ited  duty  profiles  for  the  first  year  after  their  bmii 
injury.  A  total  of  18.3%,  or  20  patients,  were  still 
hospitalized  or  had  been  released  for  convalescent 
leave.  A  total  of  11.9%,  or  1 3  patients,  had  undergone 
or  were  in  tlie  process  of  undergoing  a  Medical  Eval¬ 
uation  Board  for  probable  separation  firom  tlie  ser¬ 
vice.  To  assist  soldiers  ivitii  tlie  separation  process, 
two  full-time  representatives  of  tlie  Veteran’s  Admin¬ 
istration  were  stationed  at  the  hospital  and  counseled 
all  of  tlie  casualties. 


WARTIME  OPERATIONS:  CARE  OF 
LOCAL  PATIENTS 

Because  of  tlie  resource-intensive  natm'e  of  burn  care, 
US  mihtaiy  doctrine  recommends  against  providing 
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definitive  burn  care  witlfin  tlie  theater  of  opera¬ 
tions.^^  However,  it  was  necessary  for  deployed  US 
medical  units,  and  otlier  Coalition  medical  units,  to 
provide  such  care  to  a  number  of  Iraqi  civilians  and 
enemy  prisoners  of  war  (EPWs)  during  OIF.  This 
care  was  provided  at  various  locations,  including  se\f- 
eral  CSHs  and  tire  USNS  Comfort  hospital  ship. 

The  28tlr  CSH  deployed  to  Iraq  via  Kuwait  in 
March  2003  and  retmned  home  hr  February  2004. 
From  April  11,  2003,  to  August  26,  2003,  the  28tlr 
CSH  operated  in  tents  from  an  austere  logistics  base 
with  a  basic  deployment  stock.  During  this  period, 
the  CSH  admitted  1867  patients.  The  CSH  was  des¬ 
ignated  as  the  primary  in-theater  burn  facility.  Burn 
hrjury  constituted  86  admissions,  or  5%  of  the  total 
admissioirs,  aird  17  outpatient  visits.  Of  the  inpa¬ 
tients,  42  were  US  or  Coalition  service  members  and 
44  were  EPWs  or  civilians.  The  mean  length  of  stay 
for  service  members  was  2  days  (rairge,  1-4);  for 
EPWs  or  civilians  it  was  10  days  (range,  1-53).  One 
service  member  and  seven  Iraqis  with  burns  died  of 
wounds  at  the  CSH,  either  almost  immediately  (with 
massive  injury)  or  after  1  to  2  weeks  hi  hospital  (with 
infection  or  pulmonary  embolus).  Eighteen  Iraqis 
were  cventu^y  transferred  to  civihan  hospitals  hi 
Iraq,  and  five  were  transferred  to  burn  centers  hi  tltird 
countries  in  the  region.  Of  the  877  total  operations 
performed  at  the  CSH,  59  were  related  to  burn  hi- 
jury,  including  49  wound  debridements,  5  split¬ 
thickness  sldn  graftings,  and  4  esciiarotomies.  In  ad¬ 
dition,  a  large  number  of  conscious  sedation  proce- 
dm-es,  performed  by  nurses  trained  by  die  CSH  an¬ 


esthesiologist,  enabled  wound  care  at  die  bedside. 
The  burn  patients  were  cared  for  in  a  specific  tent 
designated  as  die  “burn  center”  (Figure  6),  Perfor¬ 
mance  of  diis  demanding  mission  was  aided  by  die 
presence  at  die  CSH  of  a  former  ISR  burn  nurse.  The 
experience  at  die  28di  CSH  hidicated  diat  burns, 
aldiough  comprising  only  5%  of  die  hipatient  num¬ 
bers,' constituted  a  much  greater  propoition  of  die 
inpatient  worldoad.  Significant  challenges  were  noted 
widi  respect  to  die  availability  of  burn-specific  equip¬ 
ment,  supplies,  training,  arid  knowledge. 

The  US  military  also  provided  chnlian  burn  care  hi 
Afghanistan.  The  452d  CSH  was  deployed  to  Bagrani 
Airbase,  47  Ian  nordi  of  Kabul,  where  it  provided  care 
to  Afghanis  vddi  life-,  limb-,  or  eyesiglit-direatening 
conditions.  During  die  3-mondi  deplo5nnent  of  one 
of  die  audiors  (M.M.B.,  June  1, 2003,  to  August  31, 
2003),  diis  CSH  cared  for  10  Afghanis  widi  bmiis, 
and  8  widi  complex  wounds  secondary  to  injuries 
caused  by  land  mines.  Eight  of  die  10  burn  patients 
were  younger  dian  12  years  of  age.  Silver  nylon  dress- 
higs^^  (Silverlon®,  Argentum  Medical  LLC,  Chi¬ 
cago,  IL)  were  used,  possibly  for  die  first  time  in  a 
field  military  setting.  Silverlon®  was  left  in  place  fi-om 
3  to  7  days  at  a  time  and  was  reused  for  a  total  appli¬ 
cation  time  of  7  days.  Use  of  die  dressing  in  diis 
mamier,  hi  comparison  witii  twice-daily  dressing 
changes  vitii  silver  sulfadiazhie,  appeared  to  decrease 
die  total  workload  associated  with  bmii  wound  care. 
There  were  no  episodes  of  cellulitis  or  invasive  burn 
wound  infection  associated  widi  die  use  of  Silverlon®. 
Fifteen  burn-related  operations  were  performed,  in- 
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eluding  a  rotational  flap  for  a  deep  foot  burn.  There 
was  one  deatli,  which  occurred  in  a  14-month“Old 
boy  presenting  wtli  invash^e  burn  \^^ound  infection  3 
weeks  after  sustaining  a  40%  TBSA  burn. 

The  USNS  Comfort  is  a  coirverted  tanker,  one  of 
twro  hospital  sliips  in  tire  US  Na%'3'-.  It  \^fas  positioned 
in  tlie  Persian  Gulf  before  hostilities  in  Iraq.  During 
OIF,  it  received  a  large  number  of  civilian,  EPWs,  and 
Coalition  casualties.  One  open-bay  ICU  was  used  for 
botli  burn  and  pediatric  intensive  care  (Figure  7). 
Burn  care  was  supenised  by  a  burn-experienced  plas¬ 
tic  surgeon  and  ISR  alumna  (T.M.B.),  witlr  addi¬ 
tional  support  during  tire  pealc  influx  of  patients  by 
tire  pre\iously  deplo^'-ed  ISR  stu-geon  LNO  in  tire 
region.  In  geireral,  nurses  and  tlrerapists  providing 
burn  care  lacked  sigirificant  previous  burn  experience, 
although  several  had  receh^ed  CBLS  training  at  tire 
ISR  The  burn  sm'geons  provided  hands-oir  traiirhrg 
for  these  persoimel  in  wound  care  and  other  bedside 
procedirres.  Routinely  stocked  silver  sulfadiazine 
creanr  and  specially  ordered  mafenide  acetate  creairr 
were  used  topically.  Invasive  gram-negative  burn 
womrd  urfection  was  definitively  treated  by  clysis  witlr 
the  available  antipseudomonal  pemcilliir  (ticarcillur), 
followed  by  excision  to  fascia.^®  Teirrporarjr  wound 
closui'e  vras  achieved  using  shelf- stable  cadaver  allo¬ 
graft  (GamnraGraft’'",  Prometlreair  LifeSciences,  Inc., 
Pittsburgh,  PA).  Intravenous  ketamiire  was  used  gen¬ 
erously  to  permit  aggressive,  surgeorr-directed,  twice- 
daily  wound  care  at  tire  bedside. 

Ten  Iraqi  burn  patients  requked  surgery.  These 
included  four  witlr  bunrs  of  less  tlrair  20%,  aird  six 


rvitlr  larger  burns.  The  former  group  responded  well 
to  traditional  excisioir  aird  autografting  techniques 
aird  experienced  an  unremarkable  hospital  course. 
For  the  latter  group,  tire  meair  bum  size  was  46.7% 
(rairge,  27-69%),  aird  mean  age  was  23.7  years 
(rairge,  4-45  yeai's).  The  cause  of  injuiy  v^as  non- 
conrbat-related  house  fires  in  four,  and  was  unlarown 
but  possibly  related  to  combat  in  tw^o.  They  were 
injured  duriirg  April  2  to  9,  2003,  were  initially  sta¬ 
bilized  in  Coalition  field  hospitals,  and  were  then 
ttairsported  to  tire  Comfort  by  helicopter  between  2 
aird  8  days  after  tireir  brmr  injury  (mean,  4.8  days).  Of 
tlrese  six  patients,  tlrree  were  hemodynanrically  uirsta- 
ble  upon  admission;  tlrree  developed  invasive  gram¬ 
negative  burn-wound  infection;  tw^o  required  ab- 
donrhral  procedures  (one  for  mesenteric  ischemia, 
one  for  acalculous  cholecystitis);  one  presented  witir 
suppurative  tlrrombopirlebitis;  two  were  diagnosed 
witlr  pneumonia;  aird  aU  had  one  or  more  episodes  of 
bacteremia,  to  iirclude  gram-negative  bacteremia  in 
all  cases.  Infection  with  multiple-drug  resistairt  Acin- 
etoboLcur  was  common,  occurrurg  in  five  of  these  pa¬ 
tients.  At  tire  referring  field  hospital  aird  on  tire  Com¬ 
fort,  excision  and  autografiing  was  performed  four 
times  hr  three  patients,  all  with  extensive  graft  loss.  By 
contrast,  five  subsequently  undeiwent  excision  to  fts- 
cia  aird  placement  of  gamma-irradiated  allograft,  all 
vitlr  good  results.  As  tire  ship  prepared  to  return  to 
tire  United  States,  all  six  patients  were  transferred  to 
Gulf  region  burn  centers  on  May  5  to  6,  2003,  after 
approximately  1  month  on  board;  they  were  lost  to 
follow-up. 


Figure  7.  Bum  intensive  care  unit  aboard  the  United  States  Naval  Ship  Comfort. 
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Observations  about  tlie  USNS  Comfort  experience 
included  die  follomng:  During  war,  civilian  healtli 
care,  to  include  burn  care  for  patients  of  all  ages,  may 
temporarily  become  rlie  responsibility  of  the  occupy¬ 
ing  forces.  The  physical  plant  of  tlie  hospital  ship, 
altliough  superior  to  tliat  of  field  hospitals,  was  not 
optimal  for  long-term  care  of  bmii  patients:  isolation 
of  patients  witli  multiple-drug  resistant  organisms 
was  not  possible,  hypotliermia  v^as  difficult  to  pre¬ 
vent,  and  hospital  beds  were  not  ideal  for  prevention 
of  pressure  sores.  The  logistical  support  of  tills  for¬ 
ward-deployed  ship  was  extraordinarily  effective, 
such  tliat  nonstandard  products,  including  gamma- 
irradiated  allograft  and  mafenide  acetate  cream,  were 
deD^ered  witliin  approximately  3  days  of  request.  We 
recommend  that  such  burn-specific  products  be 
prepositioned  aboard  ships  for  future  conflicts  of  this 
nature.  Li  particular,  allograft  was  indispensable  to 
tlie  successful  management  of  tliese  patients,  in 
vdiom  grossly  contaminated  wounds  precluded  im¬ 
mediate  autografting. 

CONCLUSION 

Burn  care  is  a  complex,  resourCe-uitensive,  multidis- 
dplinaiy  team  process  that  can  be  proiidcd  to  the 
current  standard  of  care  only  in  centraKzed  burn  cen¬ 
ters.  In  addition,  seiwice  members  injured  during  war' 
have  additional  administrative,  psjthological,  and 
emotional  needs,  facilitated  by  treatment  in  a  nfilitaiy 
facility.  Fortunately,  tlie  number  of  casualties  re¬ 
ceived  at  the  Army  Burn  Center  durmg  OIF  taxed, 
but  did  not  oi^eiwhelm,  its  ability  to  care  for  tliese 
patients.  In  a  time  mass  casualtjf  situation,  however,  a 
system  was  in  place  to  assist  in  die  logical  regulation 
of  burn  casualties  to  open  civilian  burn  beds  across 
tlie  counoyq  as  described  elsewhere  in  this  issue  of  die 
Journal. 

The  ability  to  deploy  Burn  Flight  Teams  widiin 
hours  of  initial  notification  to  move  criticallj?  ill  burn 
patients  fi-oiii  Landstulil  to  Texas  represented  a  para¬ 
digm  shift  toward  more  rapid  Team  deployment  dian 
was  used,  for  example,  during  die  Vietnani  War.  Such 
rapid  deployment  made  it  possible  to  retrieve  patients 
before  infectious  complications  or  organ  fiiilure  en¬ 
sued  wliile  making  it  unnecessary  to  preposition 
Teams  widiin  Iraq.  CCATT  training  du-ough  die 
USAF  gave  the  Burn  Flight  Teams  additional  exper¬ 
tise  and  professional  recognition  diat  facilitated  dieir 
interaction  widi  dieir  USAF  colleagues. 

Definitive  care  of  patients  widi  serious  burns  vidiin 
die  tiicater  of  operations  is  proscribed  by  current  riiil- 
itarjf  doctrine.  Nevertlieless,  experience  at  deplojfcd 
medical  units,  including  die  CSHs  and  die  USNS 


Comfort  hospital  ship,  underscored  die  importance 
of  planning  for  die  care  of  civilians  of  all  ages  and 
EPWs  widi  bmiis  during  and  after  combat  opera¬ 
tions.  Burn  care  occupied  a  significant  portion  of  die 
workload  at  tiiese  facilities,  far  in  excess  of  die  actual 
number  of  burn  patients  treated.  Significant  logistical 
challenges  in  die  field,  wddi  respect  to  burn-specific 
supplies  and  equipment,  were  addressed  ividi  variable 
degrees  of  success. 

The  ability  of  a  small  number  of  burn  specialists  to 
impact  a  deployed  hospital’s  burn  care  mission  was 
denionstrared  aboard  die  USNS  Comfort.  Aside 
firorii  diat  experience,  die  current  admrnisU'atiife  sta¬ 
tus  of  die  Bmii  Flight  Teams  did  not  permit  their 
rapid  deployment  into  die  combat  dieater  of  opera¬ 
tions.  On  die  odier  hand,  more  diaii  one  tiiousand 
militaiy'  persomiel  were  trained  in  die  basics  of  burn 
care  in  a  very  short  period  of  time  by  ISR  training 
teams  at  die  Burn  Center,  in  Europe,  and  in  Kuwait, 
as  discussed  elsewhere  in  die  Journal.  The  audiors 
hope  diat  diis  description  of  preparations  for  and  ex¬ 
perience  dming  OIF  and  related  operations  will  be 
helpful  to  medical  planners  during  future  conflicts. 
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